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TESTS OF THE МАСА 0010-1.50 40/1.051 AIRFOIL SECTION 
AT HIGH SUBSONIC MACH NUMBERS 


By Alberi D. Hemenover 


SUMMARY 


Aerodynamic characteristics of the НАСА 0010-1.50 40/1.051 air- 
foil section have been determined from wind-tunnel tests at Mach numbers 
from 0.3 to 0.9. The corresponding Reynolds number variation was from 
approximately 1 х 108 to 2 x 108. These results for an airfoil with a 
leading-edge radius of 1.50 percent of the chord ere compared with those 
of a previous investigation of the effects of leading-edge-radius vari- 
ation from 0.27 to 1.10 percent of the chord on the characteristics of a 
lO-percent-thick, symmetrical airfoil section at high subsonic Mach 
numbers’. 


The comparison indicates small increases of the Mach numbers for 
Lift and drag divergence at low lift coefficients for the section with 
the largest leading-edge radius. 


INTRODUCTION 


In reference 1, the effects of systematic reduction of the leading- 
edge radius on the variation with Mach number of the aerodynamic charac- 
teristics of a 10-percent-thick, symmetrical airfoil section were 
reported. To examine the effects of an increase in leading-edge radius 
for the same airfoil section, the present investigation was undertaken 
in the Ames 1- by 3-1/2-foot high-speed wind tunnel. The airfoil is of 
the modified NACA four-digit series (see ref. 2), with maximum thickness 
at the hO-percent-chord position and with a trailing-edge angle of 12°. 
In the present instance the airfoil leading-edge radius is 1.50 percent 
of the chord; whereas in reference 1 the radii were 1.10, 0.70, and 0.27 
percent of the chord. То facilitate comparison, the results of refer- 
ence Т are reproduced in the present paper. 
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NOTATION 
Bo section lift-curve slope at zero lift coefficient, per deg 
Са section drag coefficient 
c; section lift coefficient 
c maximum section lift coefficient 
ех А кое 
Cme уд section pitching-moment coefficient about the queriter-cbord 
point 
M Mach number 
Ма drag-divergence Mach number, defined аз the Mach number at 
waton (35 = 0.1 
= constant 
Mj ` lift-divergence Mach number, defined as the Mach number corre- 
sponding to the initial inflection point on curves of section 
lift coefficient ав a function of Mach number at constant 
angle of attack 
R Reynolds number 
Оо section angle of attack, deg 


AIRFOIL DESIGNATION 


The airfoil section of the present investigation is designated ав: 
NACA 0010-1.50 40/1.051. The first digit of the airfoil designation indi- 
cates the camber in percent of the chord; the second, the position of the 
camber in tenths of the chord from the leading edge; and the third and 
fourth, the maximum thickness in percent of the chord. The decimal number 
following the dash is the leading-edge-radius index; the leading-edge 
radius as a fraction of the airfoil chord is given by the product of the 
radius index and the square of the thickness-chord ratio. A radius 
index of 1.10 is standard for the NACA four-digit-series airfoil sections. 
The two digits immediately preceding the slant represent the position of 
maximum thickness in percent of the chord from the leading edge. The 
last decimal number is the trailing-edge-angle index, the angle being 
twice the arc tangent of the Product of the angle index and the thickness- 
chord ratio. 
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The coordinates of the airfoil investigated are given іп table I. 
This airfoil profile is illustrated in figure 1 along with those of 
reference l to show the influence. of leading-edge radius on profile 
shape. i i : S | i 


APPARATUS AND TESTS 


The test was conducted in the Ames l- by 3-1/2-foot high-speed 
wind tunnel, а low-turbulence two-dimensional-flow wind tunnel. 


The airfoil model was of 6-inch chord and was constructed of 
aluminum alloy. The model completély spanned the 1-foot dimension 
of the tunnel test section. Contoured sponge-rubber gaskets compressed 
between the model ends and the tunnel walls preserved two-dimensional 
flow by preventing end leakage. 


Measurements of Lift, drag, and quarter-chord pitching moment were 
made simultaneously at Mach numbers from 0.3 to approximately 0.9 for 
the model at angles of attack increasing by increments of 1° or 29 
from -29 to 129. This range of angles was sufficient to encompass nega- 
tive Lift at all Mach numbers and the lift stall up to a Mach number 
of 0.8. The Reynolds number variation with Mach number for the test is 
illustrated in figure 2. 


Lift forces and pitching moments were evaluated from measurements 
of the pressure reactions on the tunnel walls of the forces on the air- 
foil. Drag forces were determined from wake-survey measurements made 
with а rake of total-head tubes. 


RESULTS AND DISCUSSION 


Section lift, drag, and quarter-chord pitching-moment coefficients 
are presented as functions of Mach number at constant angles of attack 
in figures 3, 4, and 5, respectively, for the NACA 0010-1.50 40/1.051 
airfoil section. Corrections for tunnel-wall interference by the 
methods of reference 3 have been applied to the data. The results shown 
as dashed portions of the curves should be used with caution because of 
the possible influence of wind-tunnel choking effects in this region. 


Lift Charecteristics 


The variation of lift coefficient with angle of attack at constant 
Mach number is shown in figure 6 for the NACA 0010-1.50 10/1.051 airfoil 
section. Maximum lift coefficient as a function of Mach number is pre- 
sented in figure Т for leading-edge radii of 1.50, 1.10, 0.70, and 
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0.27 percent of the chord, respectively. The variation of lift-curve 
slope with Mach number is presented in figure 8 for the various leading- 
edge radii. 5 | 


Lift-divergence Mach number ав ә function of lift coefficient is 
presented in figure 9 for the leading-edge radii investigated. Although 
little change in the Mach number for lift divergence at low and moderate 
lift coefficients is observed for а leading-edge-radius variation from 
1.10 to 0.27 percent of the chord, an increase of approximately 0.02 
Mach number at low lift coefficients is noted for the leading-edge radius 
of 1.50 percent of the chord. 


Drag Characteristics 


Drag coefficient as a function of Lift coefficient at constant 
Mach number is shown in figure 10 for the NACA 0010-1.50 40/1.051 air- 
foil section. A peculiar trend in the drag polars is observed at Mach 
numbers above 0.8. At Mach numbers above 0.825, figure 4 shows that 
the drag coefficients at OO and 1° are essentially the same. This 
unusual characteristic has been observed in low-speed tests of airfoils 
having large leading-edge radii. ІЗ has been attributed to the fact that 
the pressure gradient on one surface becomes less adverse as the lift 
coefficient 15 varied from zero, increasing the relative extent of lami- 
nar.flow on this surface with consequent reduction in drag. 


The variation of drag-divergence Mach number with Lift coefficient 
is presented in figure 11 for the various leading-edge radii. At small 
to moderate Lift coefficients, the drag-divergence Mach number increases 
with increases in.leading-edge radius. 


Pitching-Moment Characteristics 


Pitching-moment coefficient ав а function of lift coefficient at 
constant Mach number is presented in figure 12 for the НАСА 0010-1.50 
40/1.051 airfoil section. 


CONCLUSIONS 


Comparison of the results of & wind-tunnel test at high subsonic 
Mach numbers of а lO-percent-thick, symmetrical modified NACA four-digit- 
series airfoil section having а leading-edge radius of 1.50 percent of 
the chord with previously determined results for the same basic airfoil 
section with leading-edge radii of 1.10, 0.70, and 0.27 percent of the 
chord indicate but two principal effects of leading-edge radius: 
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1. The Mach number for lift divergence for the airfoil with the 
largest leading-edge radius is approximately O.O2 higher at low Lift 
coefficients than for the other airfoils. 


2. The Mach number for drag divergence is generally increased at 
low and moderate lift coefficients with increasing leading-edge radius. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., July 9, 1953 
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TABLE I.- COORDINATES FOR THE NACA 0010-1.50 40/1.051 
AIRFOIL SECTION 


[Stations &nd ordinates in percent of airfoil chord] 
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МАСА OO/O-/50 40/1051 airfoil section 


МАСА OO/O-/./O 40/7.05/ airfoil section 


NACA 00/0-0.70 40/1051 airfoil section 


NACA OO/O-O.27 40/1051 airfoil section 


Figure /.— Influence of leading-edge radius on profile shape. 
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Figure 2. - Variation of Reynolds number with Mach number for 6-inch-chord airfoils 
in the Ames /-by 3 2 —foof high-speed wind funnel. 


6ODEGY WH VOVN 


20 


NACA RM А53С09 


14 


отн у 


EN 

| EM CAP CENE 
ЕЕРЕЕ SE 
ااام ل‎ PA 
TTI AAS 
ا م لے‎ Б 


{| Кы ДД | 
" TY AME 
pitt? tT te tT ШЕШЕН 
ERS SAAR EA 4 


LO 


-.6; 
m ей PAN A 


Figure 3.— Variation of section lift coefficient with Mach number for 
the NACA 00/0-1.50 40//.05/ airfoil section at constant section 
ongles of attack. 
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Figure 4.- Variation of section drag coefficient with Mach number for 
the NACA 00/0-/1.50 40/L05! airfoil section af constant section angles 
of attack. 
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Figure 5 .- Variation of section pitching-moment coefficient with Mach number for 
the МАСА 00/0-/,50 40/105! airfoil section а? constant section angles of attack. 
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Figure 6.- Variation of section lift coefficient with section angle of affack for the NACA OOIO-L50 40/105! 
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Figure 7.- Effect of leading-edge radius on the variation of 
maximum section lift coefficient with Mach number. 
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Figure &.- Effect of leading-edge radius on the variation of 
section lift-curve slope with Mach number. 
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МАСА 001/0-1.50 40/1.05] 
-------- МСА ООЮ-МО | 40/L05! 
¬ NACA 00/0-0.70 40//.05/ 
------- МСА 00/0-0.27 40/L05/ 
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Figure 9. — Effect of leading-edge radius on the variation of lift- divergence Mach num- 
ber with section lift coefficient. 
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Section lift coefficient, с 
(b) М, 20.775 fo 0.875 


Figure /O. - Concluded . 


ЖАСА 00/0-1,50 40/103! 
-------- МАСА 0000 -4.10 40/1.051 
- МАСА 00/0-0.70 40/.05/ 
------ NACA 00/0-027 40/05 


Drag- divergence Mach number, M, 


Е 


Section lift coefficient, с, 


Figure //. - Effect of leading-edge radius on the variation of drag-divergence Mach 
number with section lift coefficient. 


as 


600tGV WH VOVN 


Ll 


18 : ` МАСА RM А53С09 


Loc EpL 
l1l 7S ІШІН ШІН 


.875 
-85 
Я 825 — 
.80 


EN 
аР 
ENNENEBZUNNERSENEBEBNEN 

mieten Ba EI ИЕ N НЕ 
— ga ا لل‎ 

SL. p 
АРА 
I“ HHE NH 


о .775 

8 Ll 

о 0 ОА — 
* zesLLLLLELLLLLLLLLS LLL 
3.7225 ج‎ E 
е 70 

% 

& aut. 

EL Id 51127 

«ЕЕЕ es иинин 
Sr ee ШЕШ 
$ wg ULL 


cT 
ааа аа E 
КН ККЕ AE EN ЖЕНЕ 
ш 
БИ И БЕШ И БЇ ШИ Ж ШШ ШШЕ ил ты ЭЗ ШШ ШЇ ИЕ ШЕ 
LEL OH | tT 
[ШЕШ БЕ ШИШ ШИШ ETT E a 
р ог рр 
BEIR EE i 
ee ae 
БИНЕ ШИШ ЕШ ШШ ЭШ ЖЮ ЖЕ БИШНЕ 

е 
28 «6 -4 -2 O 2 4 6 .8 lO (2 
Section lift coefficient, с, “ха” 


Section pitching-moment 
coefficient, C, (for М-.30) 
е 


Figure 12. – Variation of section pifching- moment coefficient with 
section lift coefficient for the NACA OOI/O-L50 40/L05! 
airfoil section at various Mach numbers. 
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